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ABSTRACT 

A pharmacokinetic study of the metabolism of MDI in rats was c~rried out using MDI 

I C~be lled with 
14

c, with a specific Act ivi ty of 24,7 mCi/mM Ti1e radiochemical purity 

of the compound was d-- ecked. 

The animals were contaminated via the ':'espiratory tract. 

The most sa li ent resu lts of this investigation are the following : 

- the fecal elimination of MDI and its metabolites is greater than 

elimination 

-after four days 70 % nf the absorbed dose are diminated 

- bile secretion in free flow during the 46,5 first hours following contamination 

via the respiratory trac t corresponds to 5 %of the dose received by the a n ima l 

- MDI (
14

c) is distributed fairly uniformly throughout the org<mism, with a 

predominance for the lungs, muscle, liver, kidneys and the digestive tract. 

- histological tests performed on lung frngments led to the observation of : 

- congestion of capillaries 

- desquamation and destruction of bronchial epithelium 

- const riction of bronchi up to obstruction 

: • I' I • - • \ 
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INTRODUCTION 

The purpose of thls work was to investigate the diffusion rate of MDI in the orga 

of rats contamined via tht:- respiratcry tract. 

0 
The study was carried out on a group of 12 male rats. Contamination 

specially built seal~::d enclosure Uf1der controlled atmosphere. 

This work L1llows a preliminary study intended to estimate the diffusion rate of MD 

blood after intramuscular injec tion (Appendix I). These 

before undertaking contamination via the respiratory tract, which requires the us 

large-scale equiprnent. 

The work covered by this report includes the following : 

(l) A study of the kinetics of distribution of MDI in the organism, 

rement of total radioactivity after respiratory contamination. The fall 

were determined : 

- rate of fecal ::.~nd urinary exc r etions 

- distribution in : 

- blood 

- bile:: 

- distribution of 
14c in the different organs. 
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SYNTHESIS OF THE MOLECULE 

The MDI (.l.
4

C) was synthesized by the Laboratoire des Molecules Marquees of t 

Commissariat a l'Energie Atomique at Saclay. 

(a) Synthesis 

The following sche.-ne was followed for synthesis of the labelled compound. 

1) Forma! conder.sation with aniline to give MDA 

2 0 • 
--NH2 + HCHO --~ NH

2 0 

2) To ot ~Ci in MDI,· cruce MDA is treated by COCL
2 

0 ' MDA + 2CO Cl
2 D=C=N----- 0 .. 

-CH2-- 0 
b) Purification and tests 

MDA was purified by chromatography on a column of "Silice H". Thin laye 

chromatography and UV tritation are used as tt: >L> of the purification 

This pure MDA 1s used to ended the syntresis of MD[. The results of 

controls appear on figure 3 and 4. 

The finCJI product has a radioactivitr of 24,7 mCi/m~. 
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1 EQUIPMENT AND METHODS 

1.1 Biological material 

The animal used was the adult ma le rat of the Sprague Dawley strain (Charles Riv 

with an average weight of 300.!. 10 g. 

1.2 Techniq ue of contamination by inhalation 

Spec ial equipment for studies of radioactive eontamination by the respiratory t 

belonging to the Depar tement de Protection of the Commissar:at a l'Ener 

Atomique, was used. 

The installation includes an inhalation chamber in which th e animals are placed 

contamination. 

The product under study is suspended in the atmosph er e o f the enclosure by means of 

generator. The whole system was placed in a second qa::.tight enclosure (glovebax) . 

generator (Figure 5), based on the technique of Lauterbach, Hayes and Coelho+, 

designed to produce an aerosol with droplets of reproJuctible ;_) article size distributio 

Its flow rate matches the normal respiratory rate of the animals. It utilizes 

compressed dry air jet under nigl, pressure and at low flow rate (1.4 bar through th 

holes 0.3 mm in diameter, givin«;1 a flow rate of 3.5 1/min) flush with the surface of th 

liquid to be put in suspension. 

+K.E. Lauterbach, A.B. Hayes and M.A. Coelho : An improved aerosol generator, Arc 
In d. Health, 13, 156 (1956). Uo :t.:. n ~ nt p :·?;i .1re ~ ' t: tc 
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The resulting aerosol is very dense and consists of drops of different sizes. The big 

drops are retained by the tubular half-tore connecting the generator to the inhalati 

enclosure. The maximum diameter of the drops which are noc retained is 5 )J· 

The individual r estrain ing cages conteining the animals (a total of 12 rats) were plac 

in the inhalation chamber which has a volume of 5 liters. The rats were n 

anesthetized. The truncated-cune shape of th~ cephalic extremity of the.ir r estraini 

recipient and the small size of this recipient limited external contamination of th 

animal to its muzzle. In general, rats decor~taminate their fur themselves in two 

three days. 

The exposure chamber was kept under slight vacuum in relati ::r1 to the glovebox, whic 

features independent atmospheric flushing. Thr.: tig:,tness of the system was ensured b 

a set of rings and gaskets. 

The rats were exposed with the labe lled compound for 15 

experimental conditions. Two millicuries were in troduced in the generator (specifi 

activity 24,7 mCi/mM or 20,2;0 mg of fVIDI (14c). 

Remarks 

A control performed on the bottom of the generator shows that most of th 

radioactivity remained in it at the end of th e contamination pariod. Since the vapo 

tension of MDI is ve ry low at room temperature (18-20°C), only the solvent and part o 

the MDI were suspended in the atmosphere. It is thus impossible to calcu ate 

concentration in the inhalation chamber. 
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1.3 Radioactivity measurement by liquid scintillation 

n ... radioactivity from 
14c was measured by means of an Intertechnique (SL 32 

liquid scintillation spectrometer. The samples were prepared by miner·alizati 

(Intertechnique IN 4101 unit). The rewlts were corrected for quenching and in functi 

of the specific efficiency of the counting instrument. 

The scintillating solution had the following compoaition : 

toluene 400 ml 

phenylethylamine 33n ml 

methyl alcohol 220 ml 

PPO 7 g 

bis MSB 0.4 g 

water 20 ml 

1.4 Evaluaticm of results 

The results reported in this study correspond to measurements of the total radioa 

tivity due to 
14

c in the samples. They are evaluated in each case as 3 fraction of th 

total radioactivity received by each animal. The tables listing the means also give th 

standard error of these means, as well ns the numbe!' of experir.1ents performed. 

2 EXP[RIMENT AL PROCEDURES 

All the resu lts mentioned here were obtained from animals contami.1ated simul 

taneously. 

L .\~C !-1 , \T O !ii t iY :=:T U il ES DU ,·.r:: T-\S C L! SO\lc DES r.lED ICA'.l ENTS 



2.1 Variat ion in radioactivity concentration in the blood and plasma 

The radioactivity in the blood of animals used for dis3ections of organs was meas L.: r 

on an aliquot of the whole blood obtained by puncture of the abdominal aorta at 

t ime the animals were killed. 

An aliquot of plasma obtained after centri fugat ion uf whole blood was also mineralize 

for radioactivity measurement. Tv·o groups of animals were used, the first groui) kill 

immediately after contamination: the second 24 hours after. Th is second set of r a 

was used for several e xperimental procedures. (see tab e I). 

Concentration in~~ 

The blood of animals was centrifuged to obtain plasma. The plasma was put L1 

uitrafiltration cone with a membrane having a separatir1g power of 25,000 (centriflo 

amicon ststem type CF 25). The radioactivity of the ult r afiltrate obtained wa 

determined by liquid scintillation. No more than 30 % of the plasma volume used , 

ultrafiltration is filtered through the membrane. 

2.2 Excretion balance of radioactivity 

In order to obtain the exc1etion balances of MDI and its metabolic _ . tvatives, the 

animals were kept individually in glass metabolism caaes (Figure 6) designed to obtain 

separate collP.ction of urine and faeces. Aside from the 12 hours before and 3 

afte .~ contamination by MDI, the animals receivec water and powdered food. 

The urines and faeces were collected during the periods of 0 to 6, 6 tc 12, 12 to 24, 24 

14 to 48, 4t; to 72 and 72 to 96 hours after ad m inistration of the MDI ( C), and the 

samples corresponding to each period were ~tared in the freezer while awaiting 

treatment. 200 microt: !rs of urine were d irectly mir.eralized in the IN 4101 unit. The 
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feces were ove n-dried to constont weight, powdered, and an aliquot of each snmp 

minera li zed with 10 microliters of isobutyl alc~hol. The latter was used to facilita 

combustion of the samp le. 

Respiratory tract 

During the e xperimental pe riod the amount of expired 1 ~co2 is 

are ventil ate d with air at a rate of 330 ml/min. At the outlet of the cage, a pump 

used tu coll ect. 10 % of the circulating a ir, which bubles in two flasks connected i 

sP.ries and con tain an alkaline solution (phenylethylamine ) (fig.6). 

The animals were kilted at the end of the expe.-iment. The carcass of each an imal w 

homogen ized in the presence of a quantity of water equal to its weight. Th 

rad ioactivity of t he humogenC!te was measu red. 

2.3 Bile secretion of r adioac tivity 

One rat weighing 300 g was anesthe t iz ed with 5 % nembL tal using 0.1 ml per gram o 

body weight. The common bi !e duct was ca theterized and th e end of the 

slipped unde r the skin to make it emerge in th e back of the anirnal. The rat 

pl aced in a res training cage and kept warm . The free f lowing bile was coll ected in 

frac ~ i o•·, co ll ector over periods of 1! hours. The bi le secreted 

weigheci and t he <'adioacti vity measured on aliquots of 100 microliters. The experimen 

vas pursued as long 8~; permitted by the condition of the animal. 

2.4 Autoradiography of th e who le animal 

One 300 g rat contaminated via the r espiratory tract with MDI c14c) was kil led 15 

minut es afte r t rea tment an d rapid ly fro zen by immersion in liquid nitrogen. The fro zen 

rat was stored for at leas t 24 hour .> in a freeze r at - 25°C before preparation 
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slices to be used for autoradiograph:es slices were prepared according to Ullbe 

technique (l954t modified by Cohen and Delassus (1959)+. A Leitz microtome w 

used with a plate cooled to -30°C. 

60 }J sections parallel to the sagittal axis of the animal were prepared and collected 

an adhesive strip. After dehydration they were placed on a Kodirex single-co 

r adiological Kodak film. The films were developed after 6 days of exposure. The bla 

areas enable loc ali zation of the radioactivity caused by the 14c 

body of the animal as MDI c14c). 

2. Dist ribut ion in the organs 

The rats were anesthetized and bled by puncture of the abdominal aorta. The anim 

were then dissected and the following organs removed : 

- bra in - skin 

- heart - lungs 

-stomach - spl~en 

- liver -kidneys 

- large intestine - adrenals 

- sme~ll in testine - testicles 

- muscles - thyroid 

- eyes 

and the whole blood, plasm...t and ultrafiltrable. 

The contents of the digestive tract was also collected. 

+Ullb e rg S, Acta Radial. Supp., 118 0954). 

+Cohen Y., De lassus H., C.R. Soc. Bioi. 153, p.300-305 (1959). 

I ,', :,:t; i1A T O:tn: LY~ T U:: Es OU ,· J ~E TA 30L :s,,,1 ~ ! ] ~:; •. :~Q I C.\ .\i=,\j rs 
c.: .. ,r~ ('. -r.:;on r Uc ;{. ;!.: '.) iC 
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After dissection the organs were rapidly washed with a squirt of saline, to remove 

adhering blood , dried rapidly by dabbing with absorbent paper. 

The small organs (less than 0.6 g) were put into weighed cellulose 

fitted with cove rs. After weighing, the samples were burnt in their dishes 

prepare the sample for radioactivity measurement bf liquid scintillation. 

The larger organs were placed in tared glass containers. After weighing, a 

quantity of distil.' ed water was added prior- to homogeneization. An aliquot 

homogenate was mineralized for radioactivity measurement by liquid scintillation. 

Animals were killed for dissection 0.25, 24, 72 and 96 hours after the end of 

contamination period. 

Two males were di:>sected for each period. The individual doses they accumulated 

li sted in the tables of results. 

The results are evaluated as fGllows : 

1) The radioactivity found in each organ is calculated a~ a fraction of the accumulat 

dose x 10- 5. 

2) This value , when divided by the weight of the; organ, gives the concentration 

radioac~ivity per gram of organ. 

Tes t~ on the animal 

A serie of 12 animals corresponded to the experimental procedure defined 

c ollaboration wih the International Isocyanates !rJtitute. Table I summarizes 

following for each of these 12 rats : 

- the period after which the animal was killed following the end of contaminati 

··data gathered for ear.h anim .·\ 



Table II indicates the !ndiviriu<1! doses received by each animal , ar'luming 

14 uoses can be expressed as unconverted MDI ( C). 

2.6 Histological tes~s 

Lung samples were used for histological investigation. 

Fixation dehydration 

11 

After washing with saline, the lung sample was immersed into a Bouin-Holland soluti 

(picric acid + formal + acetic acid + copper acetate) for a few days. The lung was th 

washed under running water, and then dehydrated in ethanol of increasing alcoho!i 

content up to absolute alcohol. 

Inc lusion in paraffin 

As ethanol is immiscible with paraffin, the lung sample was soaked in toluene 

eliminate ethanol before impregnation with paraffin. This impregnation 

out in an oven at 60°C, and was facilitated by passages under vacuum. 

The samples were then cast in paraffin blocks. 

Section 

The block was cut into 5 }1 sections with a Jung or Spencer microtome. 

Staining 

Staining was performed with Masson's Hemalun, erythrosin and safran. 

, __ :. o>Yif•. TO i rl ~ :; · ETU 0 r.s ll il : .1 ': T 1\U 0 L1 S.\ 1 != ut 5 ;.,.JE 0 I C/l. '·' C: ,' JTS 
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3 RESULTS 

3.1 Variation in radioactivity in the blood and plasma 

Table IIl gives the individual results of variations in radioactivity in the blood, and 

plasma fo rats contaminated via th~ respiratory tract with MDI c14c). 

indicates the means corresponding to each period at the end of which the animals w 

killed and bled. The curves in Figures 7 and P illustrate the results of Table IV 

Figure 7 the concentration of radioactivity in the blood and plasma are plotted a 

function of time in linear coordinates. The disappearance of radioactivity occurs in 

same manner in whole blood and in the plasma. The concentration of radioactivity 

the plasma remained greater than in whole blood durin9 these expe riments. 

In Figu1 8 a semi-logarithmic scale is used to plot the concentrations of radioactivi 

in blood and plasma as a function of tim e . These curves show that, within the exp 

.mental errors, the elimination of MDI C
14c) and of its metabolites from the bl 

follows a multicompartimentel distribution. 

3.2 Urinary and fecal excretion of radioactivity 

Table V gives the individual results of fractions of radioactivity eliminated during e 

sampling period. These same results are used \n Table VI which allows to 

cumulated excretion of MDI C
14

c) or its derivatives CIS a function of time. 

The curv~ in Figure 9 ill ustrates the results given in Table VI. 

expired air contains about 2 % of 14co
2 

(table VI B). 

C: : . , - , ,~, HJ: :.1: j l 't; r .. r:; t-! ..:.\ ~or.1 : q ..._ e 

t : J 'lC•• 



To summarize, these experiments show the following : 

. that the fecal elimination of MDI (14c) and it metabolites labelled with 14c 

greater than their urinary elimination (57 % as compared with 13 %) 

- that the excreta recovery balance is better than 70 %. 23 % of the 

te - .: d radioactivity are found in the carcass after the animals are killed. 

Summar 

C'\ •• Eli!"Dination of MDI a1irf its metabolites by the faeces is more important than b 

the urine. 

A f ~e r four days 70 % of the absorbed dose is eliminated. 

3.3 Bile secret ion of radioactivity 

These results were obtained with a single rat. 

The cumulated amounts of 
14c secreted in the bit. ~ a:> a function of time are shown in 

Table VII. 

The curve in Figure 10 illustrates the variation as a function of time of the importance 

of biliary secretion. It shows that the cumulative amount excreted by the liver in 46,5 

hours is about 5 % of the total radioactivity absorbed by the animal. 

The results in Table VIII make it possible to compile the radioact ivity balances found in 

the excreta and the body of the rat examined. Note that 7,8% of the radioactivity was 

eliminated by the urines, 5 % by the bil ]1 and 7 76 % by the faeces. A large fraction of 
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the radioactivity is found in the carcass (79 %) at the time the animai was killed. 

Summary 

5 % of the radioactivity due to MDI (14c) and its metabolites is 

the bile. 

The peak of radioactivity i.n the bile occurs between the 6th and 9th hours. 

3.4 Autoradiography of the whole animal 

Plates I and II show the autoradiography of rats killed 15 minutes and 24 hours af\: 

contamination by the respiratory tract with MDI c14c). 

This result was obtained for the selecte d period after 1 month of contact of 

se::::tion with the film. The relative importance of tissue fixation appears in table IX. 

The autoradiography in plates I and II show that the radioactivity appears to 

localized at the respiratory tract, the stomach, small intestine and the large intestine. 

Summary 

Slight labelling of the respiratory tract, stomach, small and large int3stine. 
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3.5 Qistribution in the organs 

-:/ 
All the results are shown in tables X t~ XX . These tables give 

radioactivity measuremen ts in these organs a t the moMent the animals were killed, 

fr action of the total dose injected found h the organs, as well as the concentra 

factor . Tables X and XI give the means calculated froiTJ the various individual re • 

in t ables XII to XX. 

The lccalizations of radioac ti vity observed in the au t oradiographies of whole 

were confirmed and quantified by these rt:: .c;ults. Among the most noteworthy, it sh 

be observed that aside from the contents of the digestive tract (stomach and 

intes tine), the highest c oncentrations occured in the lungs, the muscles and the liver. 

The considerable labelling of the digestive tract contents is probably explainable 

the fact that during contam ination via ~ i1e lungs, the animals ingurgitate and 

swallow a fairly large fraction of the labelled product. 

Summa~ 

The most strongly labelled organs are the musclP.s, kidneys, liver. 

3.6 Histological tests 

Histological examination of slices of lungs from rats contaminated .. , h MDI (14c) lead 

to the following observatioils : 

< :~ . ::;~ · , s J :• '! j l'r"n ·r ~ p"· At.J..-.r q •, :? 

t . ~ .: .1(1' 
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- presence of many polynuclea r cells 

- diffuse infiltration by mononuclear cells 

- presence of numerous lymphocytes 

- proliferation of pneumocytes II 

- congest1on of capillaries 

- destruction of bronchial epithelium and desquamation 

Summary_ 

Congestion of capillaries 

Destruction of bronchial epithelium and desquamation 

constriction of bronchi up to obstruc t ion 

D c::um Pnt pr6p Jr -? ;JJr le 
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Rat 
number 

1,2 

3,4 

5,6 

7,8,9 

10 

11,12 

TABLE l 

Summary t i:i ~le of data gathered on each animal al_~r 
contar.~ina !:i on via the respirator y t ract with MDI ( C) 

period 
in hours 

- radioactivity in the blood, plasma, ultrafiltrable 
- distribution in organs 

0.75 - residual radioactivity in the body 
- histological test of a lung fragment 

_- radioactivity in the blood, plasma, ultrafil trable 
- radioactivity exc-eted by urines and faeces 

?4 - distribution in organs 
- residual radioactivity in the body 
- histological test of !3 lung fragment 

-radioactivity in the blood, plasma, ultrafiltrable 
- radioactivity excreted by urines and faeces 

72 - distribution in organs 
- residual radioactivity in the body 
- histological test of a lung fragment 

- urinary and fecal excretion balance 
- radioactivity in the blood, plasma, ultrafiltrable 

96 - distribution in organs 
- residual radioactivity in the body 

- bile secretion 
46.5 - radioactivity excreted in the urine and faec es 

- residual radioactivity in the body 

0.75 - autoradiography of the whole animal 

.... : , :. n ~~r. · ;l~ · ;l: r.: oa r !-: 
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- Rat n° 1 2 7 11 8 9 10 3 5 4 6 12 

r. ~ .... 
~· 
~ Weight in g. 315 335 335 320 330 335 325 340 325 310 335 315 
c 
~0 

II ~ 

,, Dose recei
~; ved by the 
~ : animal ng 
_1 ,, 
> , 
~ Table II : 
-t 
Vl 

0.0238 0.0133 0.0202 0.0260 0.0176 0.0148 0.0137 0.0127 0.0167 0.0185 

Individual doses evaluated as MDI c14c) received by the animal:l. These doses are computed from the total radloactivit 

accumulated by each animal (calculated by adding the radioactivity eliminated to that remaining in the body of the animal at tl 

end of the experiment), and assuming that 1 ng of unconverted MDI c14c) corresponds to 13712168 desintegrations per minute. 
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Period rat Total Plasma 
in hours no Blood 

0,25 1 1.4550 1.9799 

2 1.7178 2.1062 

24 3 0 .7793 1.2628 

l! 0.6166 0.9li.J9 

72 5 0.4307 0.7662 

6 0.639 ,, 0.8361 

96 7 0.5333 0.6258 

a 0.5011 0.5827 

Table III : fndi vidual results showing the variation as a function of 

time in 
14

c radioactivity concentration in the blood, plasma and 

ultra1iltrable fraction of the plasma, in rats contaminated via the 

respiratory tract with MDI C
14

c). The results are evaluated as a 

f:.mction of the total radioactivity received by each rat, calculated 

per gram of blood, plasma or ultrafiltrable. 



Period in hours 

0.25 

24 

72 

96 

Total blood 

1. 5864 

0.6980 

0.5351 

0.5172 

(2) 

(2) 

(2) 

(2) 

Plasma 

2.0431 

l. 0869 

0.8012 

0.6043 

(2) 

(2) 

(2) 

(2) 

Table IV : Disappearance of 
14c radioactivity in the blood 

and plasma of rats contami.1ated by the respi:-atory tract 

w.th TDI (14c). 

Results are evaluc..ted tn parts per 1000 per gram of total 

:·adioactivity administered. 

The means given in this table were obtained from the 

individual results appeuring in Table m. The figure in 

parentheses indicates the number of animals used in calcula

ting the m eans. 

Althoug the experimental condition!: were slightly diffe

rent, the results of both series of experiments served in 

calculati the means • 

. ) .' .r · : .: . . ~- .:• ,~, :' - ~ (; ·'' ! • 



NO 7 8 9 
Sex ~ (J" rf' 

0.0422 0.0374 0.0514 Mean + Dose administered 
- es Weight in g. 325 340 325 

---
Period h 
URINES 

0 - s 35.59 51.05 27.21 37.95 + 6 . 98 -
6 - 12 15.70 39.16 41.16 32.01 + 8.17 -

12 - 24 12.52 16.83 17.42 15.59 + 1.54 -
24 - 48 18.21 29. 35 19.79 22.45 + 3.48 -
48 - 72 12.71 10.42 10.87 11.33 + 0.70 -(' 72 - 96 7.53 9. 86 19.09 12.16 + 3.53 -

Total 102.26 156.67 135.54 131.1-~9 + 15.84 -

FAECES 

0 - 6 n 0 2. 12 0. 71 
6 - 12 0 0 1.38 0.46 

12 - 24 133.93 219.76 299.32 217.67 + 47.76 -
24 - 48 z-;r.i. 37 20.3.53 150.93 191.61 + 20 . 91 -
48 - 72 140 .52 65 . l3 72 . 78 92 .81 + 23.96 -

~ - 72 96 63.26 65.99 72 . 34 S7.20 + 2.69 
\ 

'. \ ' ' J 

-

Total 558.08 554. 4 598.87 570.45 + 14.25 
Total Urines 

+ Faeces 660.34 711.08 734.41 701.94 + 21.86 -
Carcass 234.52 211.42 247.03 230.99 + 10.43 -

Table V : Individual results showing urinary and fecal elimination of 14c as 

a function of time, after respiratory contaminati or, with MDI (14c). 
The results are expressed in parts per 1000 of the dose administered. The 
mean for each period was calculated. The symbol 0 denotes the absence of 
faeces. 

:.. "' : ; :-- c :1t ~r~n .H ~ ~ .1 r !e 

·_ ;. 3:· ilA7" c; ,c~:: O'ETIJD ·:,:, ~U .'. ' !: TA3 ·JLIS~.;E DC:S ~ . it.O ICI\ .\lE~<TS 
Q~~.Jr!o!~!n t jp Ui <:>:ng.'! 

'.:; ;_,,-. ,n :S51. :3t ~ ! ' En~r.;.e A 0 n1 ique 
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f 

NO .., 
9 9 I 

Sex ct' 0"' cr' 
Dose administered 0.0422 0.0374 0.0514 Mean + - es 

Weight in g. 325 340 325 

Period h 
URINES 

0 6 · - 35.59 51.05 27.21 37.95 + 6.98 -
6 - 12 51.29 90.21 68.37 69.96 + 11.26 -

12 - 24 63.81 107.04 85.79 85.55 + 12 . 48 -
24 - 48 82.02 136 . 39 105.58 108.00 + 15 . 74 -
48 - 72 94 . 73 146.81 116.45 119.33 + 15.10 -
72 - 96 102.26 1:-a.67 135.54 131.49 + 15.84 -

FAECE S 

0 - 6 0 0 2.12 0.71 

6 - .12 0 a }.50 1.17 

12 - 24 133.93 219 . 76 302.82 218.84 + 48.76 -

24 - 48 354.30 423.29 453.75 410.45 + 29.42 -

48 - 72 L·94. 82 488.42 526.53 526.53 + 11.78 -

72 - 96 5::.1 . 08 554.41 598.87 570.4~ + 14.25 -

Table VI : Indiv iduel results showing the cumulative urinary and fecal 

eli m ination of 
14c as a function of time, in rats after respiratory 

contami'lation with MDI (14c). 

The results are exprP.ssed in parts per 1000 of the dose administered. The 

mean for each per iod w2c; calculated. The sym bol 0 denotes the absence of 

fa ece3. 



( 

0 

c \ 

( 

NO 7 8 9 Sex ct' ~ ct' Mean + es -
Period h 

0 - 6 2.7016 3.8390 3.1730 3.2379 + 0.3299 -
6 - 12 2. 4080 3. 5872 5.2403 3.7452 + 0.8214 -

12 - 24 4.5223 2.8320 3.7019 3.6854 I 0.4880 + 

24 - 48 2.9953 2.8320 3.2692 3.0322 + 0.1275 -
48 - 72 1.8207 2.3915 1.5384 1.9169 + 0.2509 -
72 96 4 . 4636 2.6432 1.6346 2. 7138 + 0.8278 -

Total 18.9114 18.1249 18.5574 18.5312 + 0.2274 -

Table VI 8 : Fraction of the cumulative dose absorbed, eliminated as a 

functian of time by the respiratory tract. Th results are expressed in 
parts per 1000 of the dose administered. 



Period h Of 00 0
/ 00 cumul. 0

/ oo/ g - 1 

r 0 1.5 3.4437 3.4437 25.0026 

1.5 - 3 
.... -CD CD 4.5 1-o ...... 3 -

0 
CD ...... 

.s Cl) 4.5 6 0 .8491 4.2928 1.3759 ~ ..... u ...... q 
0 6 7.5 0.4364 4.7292 1.6.511 o-i 

...... c: 
0 0 7.5 9 3.4477 8.1769 1.6708 c: ..... -

CJ 
0 CD 

...... 1-o ...... 9 - 10 .5 2.9327 11.1096 1.4939 CD 
c: CD 

E 0'1 10.5 12 2.4649 13.5745 1.2776 co -
Qi 

" Cl) 12 13.5 2.2251 15.7996 1.1990 1-o ..... -
co CD 

"3 
..0 CJ 13.5 15 2.3509 18.1505 1.1990 -co 
Q.) CJ 
> r\· 15 16.5 2.3234 20.4739 1.1597 ..... Cl) 

CD 1-o 

:; co 

E (I) 16.5 18 2.2487 22.7226 1.1204 ..... 
::l -::l CJ (/) 

1.0418 " 
<0 18 - 19.5 2.0953 24.8179 c: 1-o 

CD Cl) 

c: ~ 19.5 - 21 2.0206 26.8385 1. 02U 0 ..... 
..... 
CD ......... 21 - 22.5 l. 9106 28.7491 1.1007 c: u 
E q 

o-i 22 . 5 - 24 1.9656 30.7147 1.0418 Qi .... 
0 

1-o 2 24 - 2.5. 5 1.9342 32.6489 1. 3563 CD 
~ 

.0 ...... 25.5 - 27 1. 7573 34.4062 1.1401 Cl) 3: 
~ ..... ..... 

CJ 27 - 28.5 1.5489 35.9551 1.0418 01 CD 

.s 1-o ..... 
28.5 30 1.6786 37.6337 1.1204 ~ >- ....: ( \ 

0 1-o 
~ 0 CD 
(/) ..... 1-o co 30 - 31.5 1.6865 39.3202 1.0811 (f) 1-o <0 ...... ..c :; a. ..... 

. <ll (/) 
Cl) >-31.5 - 33 1.8870 41. 2072 1.2894 Cl) 
1-o .0 1-o - Cl) '0 

ro ~ Cl) 33 34.5 1.4899 42.6971 1.1007 ::l ..... > 
~ CD <0 
> CJ 34.5 36 1.3720 44.0691 1. 0221 :0 > Cl) -

1-o .s " >-Cl) ...... 36 .. ..... - 37.5 1.4034 45.4725 1. 0025 CD > ..... c: - ..... > E CJ 37.5 39 1.4231 46.8956 1.1007 co -
Cl) ro 0 :D ..... 

:0 c: 
ct1 0 c:l 39 - 40.:i l. 3327 48.2283 1. 2187 1- CJ 1-o 

40.5 - 42 1.2698 49.4981 1. 2383 

( ' 
D -::: ~ ' " '"l p r ~~ .J~~·~ ' l e _ 43.5 l. 4585 50.9566 1. 5921 ' L.r:?Of'::, T:l;R!: o·r:: r uo:::; DU ~lr ·~."\60U$."."E: UF.:S I.~E DICA:\1Eci!T S 
:: .:: .. '; " " "''- 'll r!e 4 3' ;.'"s · ~ - 45 1.1007 52. 0573 1. 3956 c .:: 'TH n i-; ; Jr ia t l r::n'!:":]io? At ·J :nit.; ·J~ 
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CUMULATIVE 
BILE 

5.7 

CARCASS 
% 

79.0 

URINE 
% 

7.8 

FAECE~ 
% 

7.6 

WEIGHT 
OF DRIED 

FAECES 
IN GRAM 

1.04 

Table VIII : Bile excretion balance of MDI and its metabolites labelled with 14c in 

a rat r.ontaminated via the respiratory tract. 

' The results are calculated as a function par 100 of the total radioactivity detected 

in the different elements after 46.5 hours. 

The fraction found in the carcass corresponds to the total radioactivity prP-sent in 

the carcass at the moment it was killed. 



( 

Time in hours a,zs 24 

ORGANS Intensity of blackening 

LARYNX + 

LUNGS ++ ++ 

STOMACH +++ ++ 

SMALL INTESTINE ++ 

( Y. ';! ' ... 
1 ~ . · : LARGE INTESTINE ++ 

Table IX : Amount of radioactivity localized by autoradiography in rats 

contaminated by the respiratory tract with MDI C14c) for 0 , 25 and 24 hours. 

,' 

C' ( 

/ 
\ 

C .; '1":1'1 ;\ o; .u· :dc J i'E,,.!!rqie A to rniqu t! 

F· . ""~ c ~ 

+++ 

++ 

+ 

Strong 

Medium 

Weak 
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SUMMARY OF RESULTS 

RADIOACTIVITY DISTRIBUTION (MEANS) 

Organs : 0.25 hour : 24 hours : 72 hours 96 hours 

Number of rats 2: 2: 2: 2: 

BRAIN 0.3897: 0.2615: 0.2395: 1.5608: 
HEART 0.4179: 0.2949: 0.3426: 0.4894: 
CONT.DIG.TRACT. : 80.9788: 56.4006: 16.4952: 14.5159: 
STOMACH 1..9653: 0.6052: 0.3972: 0.4112: 
LIVER 11.5013: 6.1720: 4.1219: 4.4165: 
LARGE INTESTINE 1.2521: .!..2075: 0.7073: 1.3258: 
SMALL INTESTINE 7.5180: 1.3203: 0.9239: 1.7069: 
MUSCLES 69.6523: 26.1781: 24.9542: 63.7886: 
EYE 0.6137: 0.1355: 0.1215: 0.0585: 
SKIN 13.0155: 10.2553: 10.2611: 9.3406: 
PLASMA 31.8612: 16.7148: 13.1368: 9.2906: 
LUNGS 77.5560: 34.4184: 39.0911: 26.5157: 
SPLEEN 0.2624: 0.1465: 0.1499: 0.1187: 
KIDNEYS 5.2693: 1.1560: 0.6478: 1.0188: 
WHOLE BLOOD 44.2972: 19.6421: 15.2686: 14.7279: 
ADRENALS 0.0299: 0.0343: 0.0193: 0.0440: 
TESTICLES 0.9683: 0.7735: 0.4949: 0.6285: 
THYROID 0.0373: 0.0433: 0.0428: 0.0630: 
UL TRAFIL TRABLE : 2.3383: 1.6460: 1.8204: 1.6616: 

Table X :Fraction of the total dose absorbed as a function of time in the 
-3 different organs (x 10 ). 



SUMMARY OF RESULTS 

DISTRIBUTION OF RADIOACTIVITY /WEIGHT (MEANS) 

( 
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EXPERIMENTAL DATA 

Tables XII to XX : Individual results of the study of the distribution of radioactivity in 

the oryans of rats contaminated via the respiratory tract with MDI (14c). 
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rat n° 
product 
duration of experiment 
hematocrit 

EXPERIMENTAL DATA 

number of DPM absorbed by the animal 
sex 
weight of the animal 

RESULTS ON THIS RAT 

Organs weight of :organ radio-: 
organ activity 

BRAIN 1.4286 : 36 : 
HEART 0. 9094 : 96 : 
CONT .DIG. TRACT. 11.5260 : 21345 : 
STOMACH 1.1231 : 547 : 
LIVER 10.4964 : 3757 : 
LARGE INTESTINE 1.6757 : 380 : 
SMALL INTESTINE 4.0538 : 2770: 
MUSCLES 143.9353: 12399 : 
EYE 0. 2460 : 227 : 
SKIN 17.5686 : 3801 : 
PLASMA 15.3874 : 9925 : 
LUNGS 1.1784: 24271 : 
SPLEEN 0.6630 : 64 : 
KIDNEYS 2.1196 : 1005: 
WHOLE BLOOD 26.9955: 12796 : 
ADRENALS 0. 3900 : 7 : 
TESTICLES 3.0693: 165 : 
THYROID 0.0150: 10 : 
UL TRAFIL TRABLE 15.3874: 538 : 

1 
MDI 

0.25h 
0.43 

325 777 
[JP 

315 grams 

radioacti- :radioactivity: 
vity distr. : /weight 

0.1105 : 0.0773 : 
0. 2948 : 0.3242: 

65.5214 : 5.6847 : 
1. 6788 : 1.4948 : 

11.5255 : 1.0980 : 
1.1660 : 0.6958 : 
8.5015: 2.0972 : 

38.0598 : 0.2644: 
0.6968: 2.8325 : 

11.6687 : 0.6642 : 
30.4652: 1. 9799 : 
74.5019: 63.2229 : 
0.1965: 0.2963: 
3.0860 : 1. 4559 : 

39.2780 : 1. 4550 : 
o. 2150 : 0.5510 : 
0. 5066 : 0.1651: 
0.0307 : 2.0464: 
1.6532 : 0.1074: 
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rat n° 
product 
duration of experiment 
hematocrit 

EXPERIMENTAL DATA 

number tlf DPM absorbed by the animal 
sex 
weight of the animal 

RESULTS ON THIS RAT 

Organs weight of :organ radio-: 
organ activity 

BRAIN 1.6531: 122: HEART l. 0182: 99: CONT.DIGoTRACT. : 15.4719: 17628: STOMACH 1.3596: 412: LIVER 11.7696: 2098: LARGE INTESTINE l. 7785: 245: SMALL INTESTINE 4.9792! 1194: MUSCLES 154.3303: 18507: EYE 0.2525: 97: SKIN 
18o 2634: 2625: PLASMA 15 . 7902: 6079: LUNGS 
l. 3383 : 14735: SPLEEN 0.8870: 60: KIDNEYS 2.3592 : 1.362 : WHOLE BLOOD 28.7095: 9015: ADRENALS 0.0470: 7 : TESTICLES 3.3919: 261: THYROID Do013U: 8 : UL TRAFIL TRABLE 15.7902: 553: 

' • ,,j , .. : 

( - ·· ' : ·:."·~ , ·· .· :. ~ ·~J<J-:.-; ,.., , ; ~ .: r. r : •. ;n~ _ ,::; · . ; :: r, .· ::; ·.' t: f . .'·!r:;.·.::= :·, ,s 
. , ...... . . 

.. ·!•.; · .:i• '! 

2 
MDI 

Oo25h 
Oo45 

182 795 
~ 

335 grams 

racioacti- :radioactivity: 
vity distro : /weight 0 

0 

0 o6693: Oo4048: 
0 0 5410: 0.5313= 

96.4362: 6o233o: 
2. 2517: l. 6561: 

11.4770: 0.9751: 
l. 3381 : 0. 7524: 
6. 5344: 1.3123: 

101.244 7: 0.7770: 
0.5306: 2.1016: 

14.3623: D. 7864: 
33.2571: 2.1062= 
80.6101: 60.2327: 
0.3282: 0.3701: 
7 . 45 25: 3 . 1589: 

49 . 3164: l. 7178: 
0.0383: 0 . 8148: 
l. 4299: 0 . 4216= 
0.0438: 3. 3665 : 
3.0234: 0.1915: 
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rat n° 
product 
duration of experiment 
hematocrit 

EXPERIMENTAL DATA 

number of DPM absorbed by the animal 
sex 
weight of the animal 

RESULTS 0~ THIS RAT 

Organs weight of :organ radio-: 
organ activity 

•· 
BRAIN 1.3311 98 
HEART 0.9599 90 
CONT .DIG. TR/\CT. : 13.7554 20495 
STOMACH 1.3832 228 
LIVER 13.0108 l 945 
LARGE INTESTINE 1.8837 447 
SMALL INTESTINE 3.8806 467 
MUSCLES 154.3303 8766 
EYE 0.2400 51 
SKIN !8 " :Z63b, .3140 
PLASMA 15.7902 5527 
LUNGS 1.2418 11574 
SPLEEN 0.6640 47 
KIDNEYS 2.2635 370 
WHOLE BLOOD 28.7095 6201 
ADRENALS 0.0350 12 
TESTICLES 3.2278 256 
THYROID 0.0110 17 
UL TRAFIL TRABLE 15.7902 395 

3 
MDI 

24 h 
0.45 

277 167 
~ 

335 grams 

radioacti- :radioactivity: 
vity distr. /weight 

0.3529 0.2651 
0.3259 0.3395 

73.9433 5.3756 
0.8223 0.5945 
7.0180 0.5394 
1.6129 0.8562 
1.6853 0.4343 

31.6271 0.2049 
0.1840 0.7667 

11.3290 0.6203 
19.9395 1.2628 
41.7582 33.6272 
0.1696 0 . 2554 
1.3350 0.5898 

22.3737 0.7793 
0.0433 l. 2370 
0.9254 0.2867 
0.0613 5.5759 
1.4242 0.0902 
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EXPERIMENTAL DATA 

rat n° 
product 
duratiun oi c::xperiment 
hematocrit 
number of OPM absorbed by the anirr. ::J \ 
sex 
weight of the animal 

RESULTS ON THIS RAT 

Organs weight of :organ radio-: 
organ activity 

BRAIN 1 . 7280 61 
HEART 1.0339 94 
CONT .DIG. TRACT. 19 . 0178 13864 
STOMACH 1.4743 138 
LIVER 15.0295 1900 
LARGE INTESTINE 1 . 5988 286 
SMALL INTESTINE 4.2409 341 
MUSCLES 146.5200 7360 
EYE 0.2580 31 
SKIN 17.7438 3276 
PLASMA 14.8090 4813 
LUNGS 1.3347 9361 
SPLEEN 0.7200 44 
KIDNE. YS 2. 2353 349 
WHOLE BLOOD 27 . 4240 6033 
ADRENALS 0 . 0390 9 
TESTICLES 3.1707 222 
THYROID 0.0100 ') 
UL TRAF IL TRABLE H . 8090 666 

4 
MDI 
24 h 
0 . 46 

356 777 
a' 

320 grams 

radioacti- :radioact ivity: 
. vity distr. /weight 

0 . 170.1 0.0985 .. . 
0.2639 0.2552 

38.8579 2 . 0~32 
0.3881 0.2632 
5.3260 0.3544 
0 .8020 0.5016 
0 .9552 0.2252 

20.6291 0 . 1408 
0.0869 0. 3368 
9.1816 0.5175 

13.4900 0.9109 
27.0785 20.1372 
0 . 1233 0 . 1713 
0 .9769 0.4371 

16.9105 0 . 6166 
0 . 0252 0 . 6468 
0.6216 0 . 1961 
0.0000 0 . 0025 
1.8678 0.1261 
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rat n° 
product 
duration of experiment 
hematocrit 

EXPERIMENTAL DATA 

number of DPM absorbed by the animal 
sex 
weight of the animal 

RESULTS ON THIS RAT 

Organs weight of :organ radio-: 
organ activity 

BRAIN 1.3955 33 
HEART 0.9989 84 
CONT .DIG. TRACT. 17.8207 2626 
STOMACH 1.2478 60 
LIVER 15.2989 858 
LARGE INTESTINE 2.1063 165 
SMALL INTESTINE 4.9441 189 
MUSCLES 151.7175 4644 
EYE 0.2530 42 
SKIN 18.0911 18]6 
PLASMA 16.1202 2982 
LUNGS l. 2814 6741 
SPLEEN 0.8410 32 
KIDNEYS 2.4364 148 
WHOLE BLOOD 28.2810 L:941 
ADRENALS 0.0350 1 
TESTICLES 3.2000 132 
THYROID 0.0160 4 
UL TRAFIL TRABLE 16.1202 484 

5 
MDI 
72h 
0.43 

241 448 
(J" 

330 grams 

radioacti- :radioactivity: 
vity distr. : /weight 

0.1359 0.0974 
0.3474 o.347a 
0.8777 0.6104 
0.2474 0.1983 
3.5553 0.2324 
0.6816 0.3236 
0.7830 0.1584 

19.2340 0.1284 
0.1740 0.6876 
7.5217 0.4158 

12.3515 0.7662 
27.919.!. 21.7872 
0.1325 0.1576 
0.6113 0.25(19 

12.1816 0.4307 
0.0041 0.1183 
0.5454 0.1704 
0.0166 1.0354 
2.0029 0.1243 
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rat n° 
product 
duration of experiment 
hematocrit 

EXPERIMENTAL DATA 

number of DPI' 4 -bsorbed Ly the animal 
sex 
weight of the am,nal 

RESULTS ON THIS RAT 

Organs weight of :organ radio-: 
organ activity 

BRAIN 1.6531j . 70 . 
HEART 0.97::18 67 
CONT .DIG. TRACT. 17.5047 4496 
STOMACH 1.4522 111 
LIVER 15.2565 953 
LARGE INTESTINE 2. 1223 149 
SMALL INTESTINE 4.6194 216 
,v1USCLES 154.3303 6237 
EYE 0.2630 14 
SKIN 18.2634 2643 
PLASMA 16.6515 2831 
LUNGS 1.6730 102L:O 
SPLEEN 0 .9290 34 
KIDNEYS 2. 3168 139 
WHOLE BLOOD 28 . 7095 3732 
ADRENALS 0 . 0390 7 
TESTICLES 3.4899 90 
THYROID 0.0150 14 
UL TRAFIL TRABLE 16.6515 333 

radioacti-
vity distr. 

0.3430 
0.3309 

22.1127 
0.5470 
4.6885 
0.7329 
1.0647 

30.6743 
0.0689 

13.0005 
13.9220 
50.2631 
0.1672 
0.6842 

18.3556 
0.0344 
0 . 4444 
0.0689 
1.6379 

6 
MDI 
7Zh 
0.42 

203 330 
~ 

335 grams 

:radicacti•.1 il..y: 
/weight 
·-----

0.2074 
0. 3377 
1.2632 
0.3767 
0.3073 
0.3453 
0.2305 
0.1988 
0.2618 
0. 7118 
0.8361 

30.0448 
0.1800 : 
r.2953 
0.6394 
0.8827 
0.1273 
4.5902 
0.0984 
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rat n° 
product 
duration of experiment 
hematocrit 

EXPERIMENTAL DATA 

number of DPM absorbed b; t.he · 
sex 

.a! 

weight of the animal 

RESULTS ON THIS RAT 

Organs weight of :organ radio-: 
organ activity 

BRAIN l. 39.34 112 
HEART 0.9079 98 
CONT .DIG. TRACT. 11. 744 .~ 3815 
STOMACH 1.1571 110 
LIVER 13.0302 901 
LARGE INTESTINE 1.4037 320 
SMALL INTESTINE 3 . 4925 326 
MUSCLES 149.1141 15135 
EYE 0.2263 14 
SKIN 17.9180 1579 
PLASMA 15.0404 1730 
LUNGS 1.6297 4874 
SPLEEN 0. 7077 19 
KIDNEYS 2.354-6 L07 
WHOLE BLOOD 27.8525 2730 
ADRENALS 0.0518 14 
TESTICLES 2.9335 149 
THYROID 0 .0?25 21 
UL TRAFIL TRAB'._ E 15.0404 . 526 

radioacti-
vity distr. 

0.610 1. 

0.5306 
20.7592 
0.5982 
4.9039 
1.7396 
1.·7746 

82.3665 
O.U762 
8. 59.'i 1 
9.4129 

26.524':' 
0.1034 
1.1270 

14.8545 
0.0762 
0.8117 
0.1143 
2.8648 

7 
MDI 
96 h 
0.46 

187 294 
~ 

325 grams 

:radioactivity: 
/weight 

o .4~n8 
0. ~8!~5 
1.7676 
0.5170 
0.3764 
l. 2393 
0.5081 
0.5497 
0.3367 
0.!097 
0.6258 

16.2774 
0.1461 
0.4786 
0.5333 
1.4708 
0.2767 
5.0793 
0.1905 
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rat n° 
product 
duration of P.Xperiment 
hematocrit 

EXPERIMENTAL DATA 

number of DPM absorbed by the animal 
sex 
weight of the animal 

RESULTS ON THIS RAT 

Organs weight of :organ radio-: 
organ activity 

BRAIN 1.7038 
HF.ART 1.1048 77 CONT .DIG. TRACT. 11.0821 1420 STOMACH 1.1413 38 LIVER 14.9608 674 
LARGE INTESTINE 1.4220 157 SMALL INTESTINE 2.9800 281 MUSCLES 156.9525 7759 EYE 0.1655 2 SKIN 18.4346 1731 PLASMA 15.7345 1573 LUNGS 1.646:5 4559 SPLEEN 0.7020 23 K IDNEYS 2.4978 1.56 
WHOLE 8LOOD 29.1380 2506 ADRENALS 0.0401 2 TESTICLES 3.1826 76 THYROID 0 . 0216 7 
UL TRAFll TRABLE 15.7345 79 

radioacti-
vity distr. 

0.4481 
8.2725 
0.2242 
3.9291 
0.9120 
1.6392 

45.2106 
0. 011 7 

10 . 0860 
9 . 1683 

26 . 5064 
0 . 1.340 
0.9105 

14.6013 
0.0117 
0. 4lJ52 
0.0408 
0.4584 

8 
MDI 
96 h 
0 . 46 

174 787 
a' 

340 grams 

:radioacti vi t r ; 
/weight 

0.4056 
0.7465 
0.1964 
0.262~ 
0.6414 
0.5501 
0.2881 
0.0704 
0.5471 
0 . 5827 

16 . 1016 
0 . 1909 
0 . 3645 
0 . 5011 
0.2906 
0.1399 
1.8883 
0.0291 
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Figure 5 : Detail of aerosol generator 

1. compressed air 

2. adjustable height tube 

J. 0-rings 
c~ 

I 
4. semi-circular tube 

5. aerosol 

6. extremity of tube 

7. lateral hole 0.3 mm 

8. solution to be suspension 
9. 0-ring 

10. removable bottom 

11. to enclosure 
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Figure 6 : Cage used for metabolic studies of MDI. The urines and faeces are collected 

separately in flasks located below the cage. 
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Figure 7 : Variation as a function of time of the concentration of 14c radioactivity in 

the blood ~nd the plasma of rats after respiratory contamination with MDI (14c). 
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Figure 8 : Variation as a function of time of t.he logarithm of radioactivity in the bl 

and the plasma contaminated by the respiratory tract with MDI C
14c). Th is curve wa 

plotted using the results in table IV. 
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Figure 9 : Variation as a function of time of 14c radioactivity eliminated in the urines 

and faeces in rats contaminated via the respiratory tract with MDI (14c). 

This curve was plotted using the results given in table VI. 
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Figure 10 : Variation as a function of time of cumulative radioaci:ivity of the bile 

secreted by a mal.e rat previously co-,taminated via the respiratory tract with 

MDI \14c). 

This curve was plotted from the results in table VHI. 
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